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The magnetoresistance and I-V characteristics at different temperatures of the thin film ferromagnetic nanoconstrictions of varia-
ble width (from 20 to 250 nm) and 10 nm thicknesses, fabricated by electron beam lithography and vacuum thin film deposition 
are compared. The magnetoresistance and resistance of the thin film ferromagnetic nanoconstrictions are not related to the width 
of the nanoconstrictions. Instead the resistance of the local nano-region in the middle of the thin film ferromagnetic nanocon-
striction has only a minor role compared to that of the two microscale thin film ferromagnetic electrodes, which contribute the 
majority of the measured resistance. The magnetoresistances of the thin film ferromagnetic nanoconstrictions and a 0.2 cm × 0.8 
cm thin ferromagnetic film deposited under the same conditions were also compared; the thin film ferromagnetic nanocon-
strictions have higher magnetoresistances than the thin ferromagnetic film, which implies that the measured magnetoresistance of 
the thin film ferromagnetic nanoconstrictions comes mainly from the local nano-region in their centers. In conclusion, the meas-
ured magnetoresistance of the whole sample is similar to the anisotropic magnetoresistance, because the resistance of the two 
microscale thin film ferromagnetic electrodes is much higher than that of the local nano-region in the middle of the samples. 
Comparing the experimental results for the thin film ferromagnetic nanoconstrictions and the thin ferromagnetic film reveals that 
the magnetoresistance of the local nano-region in the middle of the sample is much higher than that of the two microscale thin 
film ferromagnetic electrodes attached to it. 
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Moore’s Law states that the number of transistors on a chip 
has roughly doubled every two years since the integrated 
circuit (IC) was invented in 1959 and successfully applied 
in the semiconductor industry [1]. Fundamental research 
into the electronic devices is mainly focused on two areas. 
One is manipulation of single atoms and molecules to inte-
grate an ultra-large-scale integrated circuit on the nanoscale 
[2,3], where individual atoms or molecules can be used as 
the basic information unit [4]. The other is the electron spin 
[5], since by the manipulation of a single electron and elec-
tron spin together, the spin properties can be used instead of 
or in addition to the electron charge properties to carry in-
formation. In both these hot research areas, it is still ex-
tremely difficult to fabricate a stable conductive point con-
tact to a single atom or molecule; in contrast, fabrication of 
a stable conductive point nanocontact and nanoconstriction 
is much easier [6]. Ferromagnetic point nanocontacts and 
nanoconstrictions are effective tools for studying the inter-
action between magnetic field and electron spin. To under-
stand the relationship between electron spin and electron 
charge in limited small ferromagnetic areas, it is important 
for us to study the spin-dependent electron transport domi-
nated by quantum mechanics in such mesoscopic systems 
and the conductive behavior of the individual atoms and 
molecules. Thus ferromagnetic point nanocontacts and 
nanoconstrictions have become a research focus in recent 
years [7–12].  
A nanocontact is a conductive channel between the sur-
faces of two crystallites, formed by pressure or other means. 
Generally, a magnetoresistance of more than 200% at room 
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temperature can be observed in ferromagnetic nanocontacts 
fabricated by the mechanical, electrochemical or cold- 
pressing methods [7,9,12]. This phenomenon is referred to 
as “ballistic magnetoresistance” (BMR), where a nanoscale 
or even atomic scale magnetic domain wall is presumed to 
be located in the ferromagnetic nanocontacts. The transmis-
sion probabilities of the spin-up and spin-down electrons are 
very different when the electrons are transported through 
the thin domain wall, and this contributes to the very large 
BMR ratios [13]. BMR generates a heated debate among 
scientists [14–16], because of a lack of effective experi-
mental means to characterize and prepare the nanoscale 
domain wall. Another issue is structural defects, since the 
structure of the ferromagnetic nanocontacts fabricated by 
conventional methods is changed during the magnetore-
sistance measurements and the observed large ratio BMR 
may be caused by these structural changes. However, the 
fact that BMR can be observed in ferromagnetic nanocon-
tacts fabricated by electrodepositing indicates that the BMR 
comes from the local nano-region in the middle of the 
nanocontacts, and is not associated with the macroelec-
trodes [17]. In any case, on one hand, ferromagnetic nano-
contacts fabricated by a method which can avoid structural 
changes during magnetoresistance measurements will play a 
key role in the study of BMR; on the other hand, the BMR 
head may eventually replace the widely used giant magne-
toresistance (GMR) head, since the magnetoresistance ratios 
observed for BMR are far beyond that of GMR at room 
temperature, which means that the ferromagnetic nanocon-
tacts will need to be fabricated by a technology compatible 
with the modern semiconductor industry.  
In this paper, the magnetoresistance and I-V characteris-
tics at different temperatures of thin film ferromagnetic 
nanoconstrictions of variable width (from 20 to 250 nm) 
and 10 nm thickness fabricated by electron beam lithogra-
phy and vacuum thin film deposition are compared system-
atically to obtain the relationship between the magnetore-
sistance and the width of the thin film ferromagnetic nano-
constrictions. To distinguish the magnetoresistance of the 
local nano-region in the middle of the sample from that of the 
two microscale thin film ferromagnetic electrodes, a 10 nm 
thick, 0.2 cm × 0.8 cm thin ferromagnetic film was also 
prepared using the same vacuum conditions. The magneto-
resistance of the thin ferromagnetic film is compared to that 
of the thin film ferromagnetic nanoconstrictions.  
1  Experimental methods 
The thin film ferromagnetic Permalloy nanoconstrictions 
were fabricated by combining electron beam lithography 
and vacuum thin film deposition techniques on a Si wafer. 
Firstly the Si substrate was covered with a double layer of 
LOR/PMMA by spin-coating, 30% LOR 3A by weight as a 
bottom layer was spun at 2000 r/min for 60 s and then the 
resist baked at 180°C in an oven for 20 min; 2.5% PMMA 
2041 by weight as top layer was spun at 2000 r/min for 60 s 
and then the resist baked again at 180°C in an oven for an 
hour; secondly the LOR/PMMA covered Si wafer was ex-
posed to prepare the different widths of nanoconstriction 
patterns using an e-beam writer (VB6 from Leica-Cambridge 
LTD) at 100 keV with a dose from 500 to 2000 C/cm2. Ti 
(2 nm)/NiFe (10 nm)/Ti (2 nm) thin film nanoconstrictions 
were then prepared by vacuum thin film deposition using a 
Nordiko DC magnetron sputtering system followed by lift- 
off process. A 10 nm thick, 0.2 cm × 0.8 cm thin NiFe film 
on a Si wafer was also prepared at the same time. To facili-
tate measurements of the prepared thin film ferromagnetic 
nanoconstrictions, a second level photoresist layer was spin- 
coated onto the surface of the sample, and then optical li-
thography and electron beam thermal evaporation were per-
formed to prepare 320 nm thick, 1 mm × 1 mm Cr (20 nm)/Cu 
(300 nm) macroelectrodes on top of each microscale thin 
film ferromagnetic electrode. A scanning electron micro-
scope (SEM) and an atomic force microscopy (AFM) were 
used to characterize the morphology of the thin film ferro-
magnetic nanoconstrictions. The magnetoresistance and I-V 
characteristics of the thin film ferromagnetic nanocon-
strictions and the thin ferromagnetic films were measured 
with a measurement system which comprised a Keithley 
2400 Sourcemeter, a commercial power driven bipolar elec-
tromagnet with magnetic field up to 6000 Oe and a com-
mercial sample stage with a controllable temperature range 
from 80 to 500 K .The whole integrated measuring system 
is controlled by a Labview graphical user interface and can 
run automatically.  
2  Results and discussion  
2.1  Magnetoresistance and resistance of the thin film 
ferromagnetic nanoconstrictions of variable width in the 
range from 20 nm to 250 nm 
Figures 1 and 2 are the morphology of prepared thin film 
ferromagnetic nanoconstrictions characterized by SEM and 
by AFM. A 20 nm wide thin film ferromagnetic nanocon-
striction can be clearly seen in Figure 2. The nanocon-
strictions with other widths were also characterized using 
SEM and AFM (not shown here); the results show that the 
width of the prepared thin film ferromagnetic nanocon-
strictions is in the range from 20 to 250 nm. Figures 3 and 4 
are the magnetoresistance curves of a 20 nm wide thin film 
ferromagnetic nanoconstriction measured using a two-probe 
system with a DC current of 0.01 mA passed along the 
nanoconstriction at room temperature and 80 K. The mag-
netic field is applied in the plane and perpendicular to the 
current in both cases. Two 10 cm long, 40 m diameter Cu 
cables are used to connect the two electrodes of the thin 
film ferromagnetic nanoconstrictions to the electrodes of the 
Keithley 2400 sourcemeter; one end of each Cu cable is  
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Figure 1  The morphology of a thin film ferromagnetic nanoconstriction 
characterized by SEM. 
 
Figure 2  The morphology of the thin film ferromagnetic nanocon-
striction characterized by AFM. 
 
Figure 3  The magnetoresistance of a 20 nm wide, thin film ferromagnet-
ic nanoconstriction measured at room temperature (300 K). 
soldered to the electrodes of the sourcemeter, the other end 
of each cable is attached to one of the 1 mm × 1 mm Cu 
electrodes of the sample using conductive Ag adhesive. In  
 
Figure 4  The magnetoresistance of a 20 nm wide, thin film ferromagnet-
ic nanoconstriction measured at 80 K.  
the two-probe arrangement, the measured resistance in-
cludes the resistance of the local nano-region in the middle 
of the sample, the two microscale thin film ferromagnetic 
electrodes, the two Cu cables and the two contacts between 
the Cu cables and the electrodes of the sample. Typically, 
the resistance of the Cu cables and the contacts between the 
cable and the electrode of the sample is less than 0.5 , 
which is negligible compared to the resistance of the pre-
pared thin film ferromagnetic nanoconstrictions at zero 
magnetic field, and thus the two-probe measurements are 
sufficiently precise for our purposes. The magnetoresistance 
of a 20 nm wide thin film nanoconstriction is only about 
0.7% at room temperature and about 1% at 80 K, as can be 
estimated from Figures 3 and 4. These two measurements 
show that anisotropic magnetoresistance (AMR) is the 
dominant contribution in the thin film ferromagnetic nano-
constrictions. To obtain the relationship between the mag-
netoresistance and the width of the thin film ferromagnetic 
nanoconstrictions, the magnetoresistance and resistance of 
the thin film ferromagnetic nanoconstrictions with widths 
from 20 to 250 nm at 80 K are shown in Figure 5. Both the 
magnetoresistance and resistance appear to be independent 
of the width of the thin film ferromagnetic nanocon-
strictions. The I-V characteristic for the 20 nm wide thin 
film ferromagnetic nanoconstriction measured at 80 K is 
shown in Figure 6. The linear fit I-V characteristic shows 
that the thin film ferromagnetic nanoconstriction is a normal 
metallic conductor. However given the dimension of the 
conductive channel in the nanoconstriction (20 nm × 10 nm, 
as shown in Figures 1 and 2), quantum tunneling effects are 
expected, and these effects should cause the I-V dependence 
to deviate from linear behavior towards a non-metallic 
conduction. This lack of quantum effects implies that the 
resistance of the local nano-region in the middle of the 
sample is much smaller than that of the two microscale thin 
film ferromagnetic electrodes attached to it, and the main  
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Figure 5  The measured resistance (▲) and magnetoresistance (●) of thin 
film ferromagnetic nanoconstrictions of variable width (ranging from 20 to 
250 nm) at 80 K. 
 
Figure 6  The I-V characteristics of a 20 nm wide thin film ferromagnetic 
nanoconstriction measured at 80 K. 
contribution to the measured resistance must come from the 
two microscale thin film ferromagnetic electrodes. In short, 
we can conclude that the measured resistance is essentially 
the diffusive resistance of the two microscale thin film fer-
romagnetic electrodes. However we still cannot judge which 
component of the sample is the main contributor to the 
measured magnetoresistance. 
2.2  Comparison of the magnetoresistance of the thin 
film ferromagnetic nanoconstrictions and the thin fer-
romagnetic films 
To clarify the contributions of the two components of the 
thin film ferromagnetic nanoconstrictions to the measured 
magnetoresistance, a four-probe measurement was used to 
measure the magnetoresistance of a 0.2 cm × 0.8 cm thin 
ferromagnetic film deposited using the same conditions as 
for the thin film ferromagnetic nanoconstrictions. Figure 7 
is the magnetoresistance of this thin ferromagnetic film 
measured with a DC current of 0.1 mA at room temperature. 
The magnetic field is applied in the plane and perpendicular  
 
Figure 7  Magnetoresistance of a 0.2 cm × 0.8 cm × 10 nm thin ferro-
magnetic film at room temperature.  
to the current. The magnetoresistance of the thin ferromag-
netic film is about 0.1%, which is much smaller than that of 
the thin film ferromagnetic nanoconstrictions. In our analy-
sis, we assume that the resistivity and magnetoresistance of 
the two microscale thin film ferromagnetic electrodes are 
the same as those of the thin ferromagnetic film. The re-
sistance of the 0.2 cm × 0.8 cm × 10 nm thin film is around 
38.64  as shown in Figure 7; its calculated resistivity is 
1.54×104  cm. This can be combined with the dimensions 
of the two microscale thin film ferromagnetic electrodes,  
2 × 30 m × 9 m × 10 nm (referred to Figure 1), to calculate 
the resistance at zero magnetic field of the local nano-region 
in the middle of the thin film magnetic nanoconstrictions 
(29 ), and its change (5.4 ) upon application of the 
magnetic field. This means that the magnetoresistance of 
the local nano-region is 18.6%. From the experiments, we 
can see that the measured resistance of the samples comes 
mainly from the two microscale thin film electrodes but the 
measured magnetoresistance comes mainly from the local 
nano-region in the middle of the samples. Since the re-
sistance of the two microscale thin film ferromagnetic elec-
trodes is much higher than that of the local nano-region in 
the middle of the samples, the overall measured magnetore-
sistance is very small and similar to the anisotropic magne-
toresistance measured in the thin ferromagnetic films. 
Through the experiments on the analogous materials, we 
were able to show that the magnetoresistance of the local 
nano-region in the middle of the samples can reach 18.6%. 
3  Conclusion 
Thin film ferromagnetic nanoconstrictions as small as 20 
nm have been successfully prepared by electron beam li-
thography and vacuum thin film deposition. The resistance 
of the two microscale thin film ferromagnetic electrodes is 
much higher than that of the local nano-region in the middle 
of the samples; our experiments revealed that the measured 
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magnetoresistance comes mainly from the local nano-region 
in the middle of the samples. Comparing measurements of 
the thin film ferromagnetic nanoconstrictions and the thin 
ferromagnetic film shows that the magnetoresistance of the 
local nano-region in the thin film ferromagnetic nanocon-
strictions can reach 18.6%, which is much higher than the 
anisotropic magnetoresistance of the thin ferromagnetic film. 
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